Translationally-controlled tumor protein (TCTP) is a eukaryote-conserved protein with crucial roles in cellular growth. It has also been proposed that plant TCTP has functions specific to plant, while no structure of TCTP from photosynthetic organism has been reported. Nannochloropsis is a photosynthetic microalga with high yield of lipid and highvalue polyunsaturated fatty acid, which is promising for biodiesel production. Study of growth-related proteins may provide new clue for improving the yield of lipid. TCTP from Nannochloropsis oceanica shares low sequence identity with structure-known TCTPs. Here we reported the NMR resonance assignments of TCTP from N. oceanica for further structural and functional studies.
Translationally-controlled tumor protein (TCTP) is a eukaryote-conserved, abundant, and ubiquitous protein with important functions in cellular growth, differentiation, apoptosis, and immunity (Bommer and Thiele 2004; Bommer 2012) . Despite of a large number of studies about the function of TCTP in mammalian have been reported, only a few of works have been reported about the function of TCTP in plants (Gutierrez-Galeano et al. 2014 ). Similar to mammalian TCTPs, plant TCTPs play important roles in cell growth, development, and anti-stress responses (Gutierrez-Galeano et al. 2014 ). It has also been proposed that plant TCTP has functions specific to plant, such as the participation of photoperiodism, flowering, and auxin homeostasis (Gutierrez-Galeano et al. 2014) . Several structures of TCTPs from yeast, insect, and human have been reported, which revealed a highly conserved overall structure (Bommer 2012) . Sequence and homology modeling analysis of plant TCTPs revealed that plant TCTPs can be divided into two groups with subtle structural difference (Gutierrez-Galeano et al. 2014 ), but no experimentally-determined structure of plant TCTP has been reported so far.
Photosynthetic microalgae are received great attention in recent years because of their potential in the production of biodiesels and high-value nutraceuticals (Guarnieri and Pienkos 2014) . The unicellular photosynthetic microalgae Nannochloropsis is one of promising species with high lipid content, broad environmental tolerance, and production of eicosapentaenoic acid, a high-value polyunsaturated fatty acid (Wang et al. 2014) . The genomes of several Nannochloropsis species have been sequenced, which provides the basis for further studies of proteins, metabolism, and genetic engineering (Wang et al. 2014) . Searching the genome and transcriptome of Nannochloropsis oceanica IMET1 revealed a TCTP-homology gene (NoTCTP) which encoding a protein NoTCTP of 180 amino acids. NoTCTP has a relatively low sequence identity to structure-known TCTPs, such as human TCTP (PDB 2HR9, *28 % identity) and fission yeast TCTP (PDB 1H7Y, *34 % identity), while human TCTP and yeast TCTP share *49 % identity. Structural and functional study of NoTCTP may provide new insight into the role of TCTP in photosynthetic species.
Here, we report the near complete chemical shift assignments of 1 H, 13 C and 15 N atoms of NoTCTP. The chemical shift assignments provide the basis for future structural and functional studies of NoTCTP by NMR spectroscopy.
Methods and experiments
The NoTCTP gene was amplified by PCR from a cDNA library of N. oceanica IMET1 with the forward primer 5 0 -GCGCA TATGATTGTGTACAAGGATGTTATCAG-3 0 and the reverse primer 5 0 -GTGCTCGAGAAACTTGACCACCTTGT ACC-3 0 . The PCR products were cloned into the vector pET30a between the NdeI and XhoI restriction sites, forming a plasmid pET30a-NoTCTP.
To express NoTCTP, the plasmid pET30a-NoTCTP was transformed into Escherichia coli BL21(DE3) cells. The cells were cultured overnight in 5 mL LB medium at 37°C, and then amplified into 50 mL M9 minimal medium. After 4-5 h culture, the cells were amplified into 1 L M9 minimal medium. When the optical density at 600 nm reached 0.8, 0.5 mM isopropyl-b-D-thiogalactopyranoside (IPTG) was added to induce the protein expression for 16 h at 25°C. The cells were harvested by centrifugation at 4000g, 4°C for 30 min. Cell pellets were re-suspended in 30 mL buffer A (20 mM phosphate sodium, pH 7.8, 500 mM NaCl, 30 mM imidazole) and then frozen in -80°C overnight. The cell pellets were thawed and then lysed by sonication. After centrifugation at 20,000g for 20 min, the supernatant was applied on a His trap TM HP column (GE healthcare) and eluted with buffer B (20 mM phosphate sodium, pH 7.8, 500 mM NaCl, 500 mM imidazole) using a linear gradient. The eluate was concentrated to 2 mL using Amicon Ultra-15 centrifugal filter units (3 kDa cut-off) (Millipore). The protein was further purified by gel filtration using a Superdex 75 column (GE healthcare) pre-equilibrated in 50 mM phosphate buffer (pH 7.8) containing 200 mM KCl, 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM 1,4-dithiothreitol (DTT). Fractions containing NoTCTP were collected and concentrated. The purity was checked to be a single band on the gel of SDS-PAGE. Protein concentration was determined by the UV absorption at 280 nm using a theoretical molar extinction coefficient 23,045 M -1 cm -1 .
Uniformly 15 N/ 13 C-labeled proteins were obtained by cell growth in M9 minimal media containing 15 NH 4 Cl and [ 13 C]-glucose as the sole nitrogen and carbon sources, respectively. NMR samples contained *1.0 mM protein in 50 mM phosphate buffer (pH 7.8) with 90 % H 2 O/10 % D 2 O (v/v), 200 mM KCl, 5 mM EDTA, 5 mM DTT, 0.02 % (w/v) NaN 3 , and 0.01 % (w/v) sodium 2,2dimethylsilapentane-5-sulfonate (DSS). All NMR experiments were performed at 308 K on a Bruker Avance III 600 MHz NMR spectrometer using a triple-resonance TCI cryoprobe equipped with z-gradient. Chemical shift assignments were derived from two dimensional (2D) 1 H-15 N HSQC and 1 H-13 C HSQC, three dimensional (3D) 1 H-13 C-15 N HNCACB, CBCA(CO)NH, HNCA, HNCO, HN(CA)CO, HBHA(CBCA)(CO)NH, HBHA(CBCA)NH, H(C)CH-TOCSY, (H)CCH-TOCSY, H(C)CH-COSY, and (H)CCH-COSY spectra. The aromatic side chain resonance assignments were obtained from 2D 1 H-13 C HSQC and 3D 1 H-13 C NOESY-HSQC spectra (mixing time 100 ms) recorded for the aromatic region. The backbone and side chain chemical assignments were verified further by 3D 1 H-15 N NOESY-HSQC and 3D 1 H-13 C NOESY-HSQC spectra (mixing time 100 ms). All NMR data were processed using the software NMRPipe (Delaglio et al. 1995) . 1 H chemical shifts were referenced to the internal DSS, and 15 N and 13 C chemical shifts were referenced indirectly (Markley et al. 1998 ). The spectra were analyzed using the software NMRViewJ (Johnson and Blevins 1994) .
Assignments and data deposition
The recombinant protein NoTCTP contains 188 residues including eight C-terminal additional residues from the His-tag (LEHHHHHH). The 1 H-15 N HSQC spectrum of NoTCTP shows dispersed peaks (Fig. 1) , indicating a well folded structure. We found that NoTCTP is more stable at higher pH and salt concentration, which is same as the situation observed in previous study of human TCTP (Feng et al. 2007 ). Under the optimized condition (50 mM phosphate buffer, pH 7.8, 200 mM KCl, 5 mM EDTA, 5 mM DTT), the sample can be stable in days which is sufficient to collect 3D NMR data, while some peaks, probably from flexible regions, are lost because of fast exchange between water and amide protons at high pH. All the peaks of the 1 H-15 N HSQC spectrum of NoTCTP were The predicted a-helix and b-sheet probabilities of each residue are plotted in black and red, respectively. The secondary structure elements indicated on the top of the figure were obtained with the criterion that the probability is [0.5 for three or more continuous residues for helix and two or more continuous residues for strand assigned (Fig. 1) , containing 156 peaks from backbone HN, 2 peaks from Trp HN e , and 14 peaks from Asn or Gln side chain NH 2 . Excluding the C-terminal His-tag, a total of 90 % of the backbone 1 H N and 15 N of non-proline residues were assigned. The chemical shift assignments of more than 88 % atoms from both main chain and side chain of NoTCTP were obtained. The residues lacking backbone HN assignments include M1, G26, G27, G45, C52, G53, N54, A55, G57, G58, A59, D61, K91, G92, G113, G162, H164, L181, E182, H183-187, most of which are from the flexible loop (residues 44-68), glycines, and the C-terminal His-tag. The chemical shifts have been deposited in the BioMagResBank (http://www.bmrb.wisc.edu) under the accession number 25391.
Secondary structure of NoTCTP predicted by TALOS-N (Shen and Bax 2013) using the assigned chemical shifts (Fig. 2) indicate that NoTCTP contains 2 helices and 10 bstrands with an order of b1-b2-b3-b4-b5-b6-a1-a2-b7-b8-b9-b10, which is in agreement with the a and b subdomains of known TCTP structures from other organisms. However, there are some differences between the predicted secondary structures and known TCTP structures. NoTCTP lack a short helix between b5 and b6 which exists in all known TCTP structures, which is probably caused by a non-conserved proline residue in this region of NoTCTP. The b4 in NoTCTP corresponds to two b-strands in the known TCTP structures, while residue Ser38 has a strand probability of 0.52 suggesting a break of the strand may exist. These possible structural differences could be clarified after the structure determination.
